In reactions of different titanocene and zirconocene complexes of bis(trimethylsilyl)acetylene Cp 2 M(L)(η 2 -Me 3 SiC 2 SiMe 3 ) (M = Ti, L = nil (1); M = Zr, L = THF (3)), and the pentamethylcyclopentadienyl complexes Cp* 2 M(η 2 -Me 3 SiC 2 SiMe 3 ) (M = Ti (2), Zr (4)) or the rac-ethylenebistetrahydroindenyl (ebthi) complex rac-(ebthi)M(η 2 -Me 3 SiC 2 SiMe 3 ) (M = Zr (5)), activation of several bonds was described in some reviews [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . For example, cleavage of C-H, C-C (Cp-ring opening, cleavage of butadiynes), Si-C, P-C, N-H, N-C, N-N, Si-O, N-O, C-O, C-S, C-F and C-B bonds gave complexes of potential applicability in stoichiometric and catalytic reactions.
Beckhaus and coworkers published very recently a series of excellent examples for reactions of titanocene-bis(trimethylsilyl)acetylene complexes with different N-heterocyclic compounds [11] [12] [13] [14] [15] . In these reactions the complexes Cp 2 Ti(η 2 -Me 3 SiC 2 SiMe 3 ) and Cp* 2 Ti(η 2 -Me 3 SiC 2 SiMe 3 ) act, after dissociation of the alkyne, as sources of titanocene Cp 2 Ti and permethyltitanocene Cp* 2 Ti, which dimerize and trimerize heterocycles to exciting compounds, e.g., with a cyclohexane or benzene core.
In this work we tried to extend such investigations about reactions of titanocene-and zirconocene-bis(trimethylsilyl)acetylene complexes to selected heterocyclic and aromatic NH and OH acidic compounds to find out differences in the behavior between the bis(trimethylsilyl)acetylene complexes of Ti and Zr.
Several metallocene amido complexes Cp′ 2 M(NRR′) 2 20 were synthesized starting from Cp 2 MX 2 (X = Cl, Br) and an alkali (Na, Li) amide or by heating of Cp 2 MMe 2 (M = Zr, Ti) in the presence of the corresponding amine in THF. Also the Ti(III) amide complex Cp* 2 Ti(NMePh) was obtained by the reaction of Cp* 2 TiX with lithium amide 21 .
In 1988 Bergman et al. 17, 22 found that complexes Cp 2 Zr(NHR) 2 eliminate 1 equivalent of RNH 2 (by heating) giving very reactive zirconocene imido derivatives Cp 2 Zr=NR which show an extensive reaction chemistry. For example, [2+2]cycloadditions with alkynes led to azametallacyclobutenes which gave (after protonation and reaction with an additional amine) enamines and regenerated the starting zirconocene bisamide complexes. Based on this investigations, Bergman et al. developed a hydroamination of alkynes with zirconocene bisamides Cp 2 Zr(NHR) 2 as catalysts 17 .
Related hydroamination processes were reported with catalysts such as CpTiCl 3 23 and the titanocene-alkyne complex Cp 2 Ti(η 2 -Me 3 SiC 2 SiMe 3 ) (1) used by Beller et al. 24 .
We investigated and compared titanocene-and zirconocene-alkyne complexes Cp′ 2 M(L)(η 2 -Me 3 SiC 2 SiMe 3 ) (M = Ti: L = nil, Cp′ 2 = Cp 2 = (η 5 Reactions of the corresponding zirconocene-bis(trimethylsilyl)acetylene complexes 3 and 4 with pyrrole followed another pathway. Upon N-H activation and without alkyne elimination, the formation of the alkenyl complexes 8 and 9 with an agostic interaction was observed in a first step (Scheme 2).
When complex 8 is heated or treated with an equimolar amount of pyrrole, the alkenyl group gets lost and a bispyrrolide-zirconocene complex 11 is formed (Scheme 2). This bisamide 11 was described before as the product of the reaction of a zirconocene dihalogenide with 2 equivalents of alkali pyrrolide 16, 19 . NMR investigations of the conversion of 8 in solution (C 6 D 6 , 50°C) demonstrate that, besides the bisamide 11, also free bis(trimethyl-SCHEME 1 silyl)acetylene and further silyl species are obtained (there is good evidence for the generation of (E)-Me 3 SiCH=CHSiMe 3 , but neither this nor a formal hydroamination product like C 4 H 4 N-C(SiMe 3 )=CH(SiMe 3 ) were proven). With Cp* 2 Zr(η 2 -Me 3 SiC 2 SiMe 3 ) (4) and pyrrole, under the same conditions, only the mono-N-pyrrolide with an agostic alkenyl group (9) was obtained.
In the reaction of the ethylenebistetrahydroindenyl complex rac-(ebthi)Zr(η 2 -Me 3 SiC 2 SiMe 3 ) (5) with 2,3,5,6-tetrafluoroaniline under N-H bond activation, the complex with an agostic alkenyl group rac-(ebthi)Zr(NH-C 6 HF 4 )[C(SiMe 3 )=CH(SiMe 3 )] (10) was formed. Compound 10 reacts with an excess 2,3,5,6-tetrafluoroaniline to the bisanilide rac-(ebthi)Zr(NH-C 6 HF 4 ) 2 (12) which was also obtained directly from 5 with two equivalents of 2,3,5,6-tetrafluoroaniline (Scheme 2).
Complex 5 reacted with unsubstituted aniline to give the bisamide rac-(ebthi)Zr(NH-C 6 H 5 ) 2 (13) ; in contrast to 2,3,5,6-tetrafluoroaniline, no alkenyl complex as intermediate could be isolated.
In the same manner, in the reaction of 5 with pentafluorophenol, the alkyne was eliminated and the corresponding rac-(ebthi)Zr(O-C 6 F 5 ) 2 (14) was formed (Scheme 3).
A similar bis(pentafluorophenolate) complex was described for the Cp-zirconocene system Cp 2 Zr(O-C 6 F 5 ) 2 29 .
NMR and Molecular Structure Data
The most characteristic NMR and molecular structural feature of the alkenyl compounds 8, 9 and 10 is the agostic interaction of the alkenyl group with zirconium Zr-C α =C β -H. These alkenyl units show 1 H NMR signals at rather low fields (8: 8.04, 9: 6.67, 10: 7.20 ppm) and the 13 C NMR signals of C α appear always downfield, but those for C β in most cases slightly upfield compared with the normal olefin range. Typical of the additional agostic interaction is the especially small coupling constant 1 J(C β -H) (8: 100, 9: 101, 10 105 Hz). In the molecular structure, acute Zr-C α -C β angles and short Zr-C β bond lengths reflect this special type of interaction. All these features were found before in selected similar complexes such as: 32 , which are all typical examples of zirconocene σ-alkenyl complexes with agostic C β -H···Zr interactions (Table I ).
In the 19 F NMR spectra of complex 10, the chemical shifts on the fluorine substitutents at the aromatic ring are in the region of uncoordinated fluoroaromatics (ca. -150 ppm) and not shifted to an extremely high field, as found for fluoro-bridged Zr-F-C groups (ca. -200 ppm) 33 . Differences show up for the proton signal of the agostic CH group: it appears as singlet for 8 or 9, but as triplet for 10 (coupling to two fluorine atoms, made equivalent by phenyl rotation). The steric demand of the rac-ebthi ligand system seems to force alkenyl and phenyl group close together, and hence spin-spin coupling through space becomes operative. Further steric effects are evident from a comparison of complex 9 (with the Cp* ligand) to the Cp complex 8: only one signal for each pair of pyrrolide α-and β-CH groups appears for the latter, but four nonequivalent groups are observed for the former (broad signals at room temperature which coalesce pairwise at about 35°C; see Experimental) and indicate that the rotation around the N-Zr bond is hindered for 9. The bisamide complexes 11, 12 and 13 as well as the bisphenolate 14 exhibit in the NMR spectra, besides the resonances of the Cp or ebthi ligand system, only one set of signals of aromatic rings, which indicates that the arylamido and aryloxo ligands, respectively, are equivalent.
The complexes 6, 9, 10, 12, 13 and 14 were investigated by X-ray crystallography; they display the general feature of bent metallocenes. The crystallographic data are presented in Table II The structure of the paramagnetic compounds 6 (Fig. 1) and 7 28 show behind the two cyclopentadienyl rings the pyrrolide ligand N-coordinated to the central metal atom. The Ti-N distances [2.090(1) (6) and 2.096(4)/2.100(3) Å (7) Complexes 9 and 10 are characterized by molecular structural geometry typical for agostic interactions of the alkenyl group Zr-C α =C β -H (Table I) . These are Zr-C α bonds in the range of a single bond, C α -C β distances in the range of typical double bonds and a small angle Zr-C α -C β which indicates an additional interaction of the H(C β ) with the central zirconium atom (Table I, Figs 2 and 3) 31 .
For structure 12 (Fig. 4) , different Zr-N distances for the amide ligands (Zr-N1: 2.164(3) Å or Zr-N2: 2.128(4) Å) were obtained, probably due to weak intermolecular interactions of the fluoro substituents of the benzene rings with hydrogen atoms of the ebthi ligand. The bisanilide 13 ( Fig. 5 ) cannot form such a "network" and exhibits Zr-N distances of 2.1148 (11) 
CONCLUSION
By the reactions presented here, it is well documented that titanocene-and zirconocene-bis(trimethylsilyl)acetylene complexes are able to activate heterocyclic and aromatic N-H and O-H acid compounds.
Whereas the titanocene-bis(trimethylsilyl)acetylene complexes react with loss of the alkyne and N-H bond activation with formation of Ti(III) monopyrrolide complexes, the corresponding zirconocene systems end up with Zr(IV) complexes. In a first step, zirconocene complexes with agostic σ-alkenyl groups are formed by H transfer from the pyrrole to the alkyne which yield in the second step bisamide complexes under elimination of several silylated compounds, among them the recovered alkyne. This is a typical different reaction behavior of titanocene-and zirconocenebis(trimethylsilyl)acetylene complexes, affording for titanium, a favored release of the alkyne with the formation of Ti(III) complexes and, for zirconium, no elimination of the alkyne but the formation of Zr(IV) complexes. Attempts to obtain an olefin such as C 4 H 4 N-C(SiMe 3 )=CH(SiMe 3 ) by coupling of the pyrrolide with the alkenyl group have failed so far.
EXPERIMENTAL
All operations were carried out under argon with standard Schlenk techniques. Prior to use, solvents were freshly distilled from sodium tetraethylaluminate and stored under argon. Deuterated solvents (C 6 D 6 , toluene-d 8 ) were treated with sodium or sodium tetraethylaluminate, distilled and stored under argon. Fluorinated pyridines were dried over molecular sieves and degassed before use. The following spectrometers were used: MS: AMD 402; NMR: Bruker AV 300 and Bruker AV 400. Chemical shifts (δ, ppm) were referenced to signals of the used solvents: C 6 D 6 (δ H 7.16, δ C 128.0), toluene-d 8 (δ H 2.03, δ C 20.4). The 19 F NMR spectra were referenced externally to CFCl 3 . The spectra were assigned using DEPT experiments. 
